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(54) Planarisation of an interconnect structure 

(57) A method of filling gaps between adjacent gate 
electrodes of a semiconductor structure. A self- 
planarizing material is deposited over the structure. A 
first portion of such material flow between the gate elec- 
trode to fill the gaps and a second portion of such mate- 
rial becomes deposited over tops of the gate electrodes 
and over the gaps to form a layer with a substantially 
planar surfac& A phosphorous dopant is formed in the 
second portion of tiie seif-planarizing material. Thus, 
relatively small gaps may be filled effectively with a layer 
having a very planar surface for subsequent photoli- 
thography. The phosphorous dopant provides gettering 
to remove adverse effects of alkali contaminant ions 
which may enter the gap filling material. The dielecti-ic 
constant of tiie material filing the gaps, i.e., the first por- 
tion of tiie gap f Sling material, being substantially free of 
such contaminants, has a relatively low dielectric con- 
stant thereby reducing electrical coupling between adja- 
cent electrodes. The self-planarizing material is a 
flowable material. Theflowable oodde may be spun on or 
may be deposited by gaseous deposition. The phospho- 
rous dopant may be provided by, for example: implant- 
ing phosphorous Ions into the second portion of the self- 
planarizing layer and heating tiie material to both cure 
such material and activate the phosphorous ions; 
depositing a phosphorous doped layer over the layer of 
self-planarizing material, heating tiie structure to out- 
diffuse tiie phosphorous dopant into the second portion 
of the self-planarizing material and selectively removing 
the deposited layer; or by curing the spun-on self- 



planarizing material in a phosphine environment 
FIB. 38 
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Description 

Background of the Invention 

This invention relates generally to integrated cir- 
cuits and manufacturing methods and more particularly 
to structures and methods having improved planarlty 
and alkali ion gettering properties. 

As is known in the art. in forming small line width 
geometries in a semiconductor process using photoli- 
thography, it is necessary to provide a highly planar sur- 
face for various photolithographic masks used in such 
process. Further, in the fabrication of dynamic random 
access memories (ORAMs) a plurality of gate elec- 
trodes are formed adjacent one another with relative 
small separation, i.e., gaps, between each adjacent pair 
thereof. Thus, it is necessary to fill these gaps width a 
suitable material, preferably a material with a low dielec- 
tric constant to prevent coupling between the adjacent 
electrodes as well as to provide a planar surface fbr 
subsequent photolithogFaphy. 

With one process, after the gate electrodes are 
formed, a dielectric layer of silicon nitride is chemically 
vapor deposited (CVD) over the surface. The CVD sili- 
con nitride is a conformal deposition and therefore gaps 
remain between adjacent gate electrode structures. Tbe 
gap width between gate electrode structures after the 
layer of silicon nitride is deposited is in the order of 
1200A. Next a layer of boron phosphorous doped glass 
(BPSQ) is chemically vapor deposited over the structure 
to fill in the gaps. The CVD BPSG is thick enough to not 
only fill the gaps but also extends over the tops of the 
CVD silicon nitride layer and over the fiHed gaps to a 
thickness in the order of 4000A - 5000A. 

As is also known in the art contaminants, such as 
sodium ions, or other alkali ions may come into contact 
with the outer BPSG layer. However, the phosphorous in 
the BPSG layer acts as a gettering materiaf to counter- 
act the effect of the alkali ion contaminant. The structure 
is then heated to form a more planar surface. However, 
because of high degree of planarity required for the sub- 
sequent photolithographic processing, e.g. metal layer 
patterning into electrically conductive wires, relatively 
expensive chemical mechanical polishing (CMP) may 
be required to form a surface with the requisite degree 
of planarity. 

SMmmgry of the Invention 

The invention relates to the filling of gaps such as 
those between adjacent gate electrodes of a semicon- 
ductor structure, in one embodiment a self-pianarizing 
material is deposited over the structure. A first portion of 
such material f k3ws between the gate electrodes to fill 
the gaps and a second portion of such material 
becomes deposited over tops of the gate electrodes 
and over the gaps to form a layer with a substantially 
planar surface. A dopant, here phosphorous, is formed 



in the second portion of the seif-planarizing material. 

In accordance with the invention, relatively small 
gaps may be filled effectively with a layer having a very 
planar surface fbr subsequent photolithography. Fur- 

5 ther, the phosphorous dopant provides gettering to 
remove adverse effects of alkali contaminant ions which 
may enter the gap filling material. Still further, the die- 
lectric constant of the material filing the gaps. i.e.. tiie 
first portion of the gap filling material, being substan- 

10 tially free of such contaminants, has a relatively low die- 
lectric constant thereby reducing electrical coupling 
between adjacent electrodes. 

In accordance with one feature of the invention, tiie 
self-planarizing material is a flowable material. The 

75 phosphorous dopant may be provided by, for example; 
implanting phosphorous ions into the second portion of 
the seif-planarizing layer and heating the material to 
both cure such material and activate the phosphorous 
Ions; depositing a phosphorous doped layer over the 

20 layer of seif-planarizing material, heating the structure 
to out-diffuse the phosphorous dopant into the second 
portion of the selfislanarizing material and then selec- 
tively removing the deposited layer; or by curing Vne 
spun-on seif-planarizing material in a phosphine envl- 

2S ronment 

Brief Description of the Drawino 

Other features of the invention, as well as the inven- 
30 tion Itself, may be more fully understood with reference 
to the following detailed description taken together with 
the accompanying drawings, in which: 

FIGS. 1-4 are diagrammatical, cross sectional 

35 sketches of a semiconductor integrated circuit 
structure fabricated in accordance witii the inven- 
tion; FIG. 1 showing a plurality of gate electrodes 
disposed over a semiconductor substrate; FIG. 2 
showing the structure of FIG. 1 after such structure 

40 has spun over a surface tiiereof a seif-planarizing 
material, a first portion of such material flowing 
between the gate electrodes to fill tiie gaps and a 
second portion of such material becoming depos- 
ited over tops of tiie gate electrodes and over tiie 

45 gaps to form a layer witti a substantially planar sur- 
face; RG. 3A showing ion implantation of phospho- 
rous ions into the second portion of the seif- 
planarizing material in accordance with one 
embodiment of the invention; FIG. 30 showing a 

50 doped layer witii phosphorous dopant disposed on 
tiie seif-planarizing layer in accordance with 
another embodiment of the invention; and FIG. 4 
showing a phosphorous dopant formed in tiie sec- 
ond portion of tiie seif-planarizing material after 

55 eitiier: annealing tiie phosphorous ions implanted 
therein in accordance witii FIG. 3A, or after out-dif- 
fusion of dopant in the phosphorous doped layer in 
FIG. SB, or after curing the seif-planarizing material 
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in a phosphine atmosphere in accordance with a 
third emtxxjiment of the invention. 

Detailed Pescription 

5 

Referring now to FIG. 1, a semiconductor sut)8trate 
10> here silicon, has formed over the upper surface 
thereof a plurality of MOS transistors 12. Each one of 
the transistors ,12 has source and drain regions (not 
shown) with a corresponding one of a plurality of gate io 
electrodes 1 4 disposed between each of the source and 
drain regions. Illustratively, each gate electrode 14 
includes a bottom layer 16 comprising, for example, 
thermally grown silicon dioxide, a layer 18 of doped, low 
pressure chemical vapor deposited (LP CVD) polycrys- is 
talline silicon formed on the silicon dioxide layer 16, a 
layer 20 of chemically vapor deposited tungsten-silicide 
formed on the poiycrystalline silicon layer 18 and a top 
layer 21 of silicon nitride. The height H' of the gate 8tacl< 
(i.e. . layers 1 6. 1 8. 20. and 21 ) is about 4000A to 5000 A. so 
After forming the gate stack, a silicon nitride liner 22 is 
chemically vapor deposited over surface of the structure 
Here, the silicon nitride liner 22 has a thickness of about 
SOOA. Further, here the length (L) of the gate electrodes 
14 (i.e., the across the outer sidewalls of the silicon 25 
nitride liner 22) is in the order of about 1800A and the 
space (S) between adjacent gate electrodes 1 4 (i.e.. the 
distance between the outer sidewall of the adjacent sili- 
con nitride liners 22) is in the order of about 1200A. 

After patterning the gate electrodes 4, as shown in so 
FIG. 1, using conventional photolithographic etching 
techniques, a self-planarizing material 24 is spun over 
the surface of the structure, as shown in FIG. 2. The 
material 24 is a fiowable oxide. In one embodiment, the 
flowable oxide is, for example, hydrogensilsesquioxane as 
glass (FOx material) manufactured and sold by Dow- 
Corning, Midland, Ml. When such flowable oxide mate- 
rial 24 is spun, it is self-planarizing and a first lower por- 
tion 26 of the material 24 flows between the gate 
electrodes 14 to fill the gaps between adjacent gate 4o 
electrodes 14 and a second, upper portion 28 of the 
material 24 becomes deposited over tops of the gate 
electrodes 14 and the filled gaps between adjacent gate 
electrodes 14 to form a layer 30 with a substantially pla- 
nar surface 32, as shown in FIG. 2. The thickness (T) of 45 
the self-leveling material Is sufficient to provide isolation 
between the gate and the conductive layer (not shown) 
above the self-leveling material. In one embodiment, T 
is in the order of 6OOOA. Since the gate stack is about 
4000A. the thickness of the self-leveling material in so 
region 28 is about 2000A. 

Referring to FIG. 4, an alkali ion gettering dopant 
36, such as phosphorous, is provided in the second, 
upper portion 28 of the self-planarizing material 1 4. 

FIG. 3A shows one technique of providing phos- ss 
phorous dopant 36' In the second, upper portion 28 of 
the self-planarizing material. TTie phosphorous ions 36' 
are implanted into the second, upper portion 28 of the 



self-planarizing material 24. The dosage and energy 
level are selected so that ions 36' are implanted to a 
depth (D) located in the second, upper portion 28. In 
one embodiment. D is in the order of about IOOOA fram 
the upper, planar surface 32 of the self-planarizing 
material 24 and the dopant concentration is about 2% to 
6% by weight of the material 24. Preferably, the dopant 
concentration is about 2% to 5% by weight of the mate- 
rial 24. more preferably about 2% to 4% by weight of the 
material 24. 

In one embodiment, the Ion implantation is per- 
formed prior to the curing the self-planarizing material 
24. The implanted ions require activation by a relatively 
high temperature anneal. Generally, the self-planarizing 
material 24 is cured at a temperature of 400*'C to 900*C 
for about 60 minutes in a nitrogen atmosphere. Thus, 
implanting the ions prfor to curing advantageously uses 
the curing process to serve two purposes, curing the 
material and activating the ions. 

FIG. 3B shows an alternative technique for provid- 
ing the phosphorous dopant 36 In the second, upper 
portion 28 of the seK-^anariztng material 24. As shown, 
a layer 40 of poiycrystalline silicon (poly) having phos- 
phorous dopant 36 is chemically vapor deposited over 
the surface 32 of the self-planarizing material 24. The 
doped poiycrystalline layer 40 has a doping concentra- 
tion sufficient to provide adequate dopant concentration 
in tiie upper portion of the self-planarizing material. In 
one embodiment ttie doping concentration of the poly is 
at least about 1 0^ atoms/cm^. 

TTie doped poly layer 40 Is deposited on the self- 
planarizing material 24 prior to curing of such material 
24 to take advantage of ttie curing process to activate 
tiie dopants. The material is cured to sufficiently cause 
tiie phosphorous dopant 26 in tiie poiycrystalline silicon 
layer 40 to out-diffuse Into tiie second, upper portion 28 
of tiie self-planarizing material 24. As shown, the peak 
concentration of dopants is about 500A-1000A below 
ttie surface of the self-planarizing material 24. In one 
embodiment the material Is cured by baking the sta-uc- 
ture at a temperature of about 900*'C for about one hour 
In a nitrogen, or vacuum, atnrxssphere. Next, ttie doped 
poiycrystalline silicon layer 40 is removed by selective 
reactive Ion etching (RIE). 

Another technique for providing tiie forming tiie 
phosphorous dopant 36 in the second, upper portion 28 
of the self-planarizing material 24 Is by curing tiie self- 
planarizing material 24 in a phosphine atmosphere. 
After the self-planarizing material 24 is spun ever ttie 
surface of the stiucture, tiie structure Is placed in an 
oven having a phosphine atmosphere. The sti-ucture Is 
baked in such oven at a temperature of AOO^C to 900°C 
for a time In the order of sixty minutes. The phosphorous 
in the phosphine gas diffuses Into tiie second, upper 
portion 28 of the self-planarizing materia) 24. The peak 
ooncenti-ation of ttie dopant concentration is about SOoA 
to IOO0A below ttie suri^e of the self-planarizing mate- 
rial. 
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Thus, with the invention described above, while 
contaminants, such as sodium ions, or other alioli 
materials may come into contact with the second, upper 
portion 28 of the cured, setf-planarizing material 24, the 
phosphorous dopant 36 In the second, upper portion 28 5 
of the self-planarizing material 24 acts as a gettering 
material to counteract the effect of the alkali ion contam- 
inant. Further, the staicture shown In FIG. 4 is highly 
planar as required for subsequent photolithographic 
processing, for example in forming upper metalization 10 
layers, or electrically conductive Interconnecting wires, 
not shown. TTiat is, the invention effectively fills rela- 
tively small gaps, such as between adjacent gate elec- 
trodes, with a layer having a very planar surface fbr 
subsequent photolithography Further, the phosphorous 15 
dopant provides gettering to remove adverse effects of 
alkali ion contaminant ions which may enter the gap fill- 
ing material. Still further, the dielectric constant of the 
material filing the gaps, i.e.. the first, lower portion 26 of 
the gap fHling material 24. being substantially free of 20 
such contaminants, has a relatively low dielectric con- 
slant (i.e., in the order of 3.6 to 4.0) thereby reducing 
electrical coupling between adjacent gate electrodes. 

Other embodiments are within the spirit and scope 
of the appended ciaims. For example, other flowable ss 
materials may be spun-on the structure shown in FIG. 1 . 
Thus, while the hyd^ogensilsesquioxane glass. (e.g. 
FOx material) has been used above, other self-leveling 
and temperature-resistant silica films with reduced den- 
sity, for example, spun-on silica aerogel, may be used. 30 
Still further, the self-leveling layer may be formed using 
a gaseous deposition process with similar flow proper- 
ties as that obtained with the spun on glass material 
described above instead of using such spin deposited 
process. One such material which may be used with 3s 
gaseous deposition is Rowfili material sold by PMT- 
Electrotech, Chatsworth, CA. 

Claims 

40 

1. A method of filling gaps between adjacent gate 
electrodes of a semiconductor structure, compris- 
ing the steps of: 

depositing a selfiDlanarizing material over the 45 
structure, a first portion of such material flowing 
between the gate electrode to fill the gaps and 
a second portion of such material being depos- 
ited over tops of the gate electrodes and the 
filled gaps to fbnn a layer with a substantially so 
planar surface; 

providing a phosphorous dopant in the second 
portion of the self-planarizing material. 

2. The method recited in claim 1 wherein the self- ss 
planarizing material is a flowable material. 

3. The method recited in claim 2 wherein the flowable 



material is an cxide. 

4. The method recited in claims 1 , 2 or 3 wherein the 
flowable material is spun over the structure. 

5. The method recited in claims 1 , 2 or 3 wherein the 
flowable material is deposited using a gaseous 
deposition over the structure. 

6. The method recited in claim 4 the flowable material 
is hydrogensllsesquioxane glass. 

7. The method recited in claim 3 wherein the phos- 
phorous dopant providing step includes the step of 
implanting phosphorous ions into the second por- 
tion of the self-planarizing layer and heating the 
material to botii cure such material and to activate 
the phosphorous ions. 

8. The method recited in claim 3 wherein the phos- 
phorous dopant providing step includes the step of 
depositing a phosphorous doped layer over the 
layer of self-planarizing material, heating the struc- 
ture to both out-diffuse tiie phosphorous dopant 
into the second portion of the self-planarizing mate- 
rial and cure the setf-planarizing material; and. 
selectively removing the deposited layer. 

9. The method recited In claim 3 wherein the phos- 
phorous dopant providing step includes the step of 
curing tiie spun-on self-planarizing material in a 
phosphine environment. 
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FIG. 3 A 




FIG. 3B 
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